Intestinal trefoil factor (TFF3/ITF), a member of trefoil factor family (TFF) domain peptides, is normally expressed by goblet cells and secreted into the lumen of the intestinal tract, and plays an important role in the maintenance and repair of the intestinal mucosal barrier. Significant amounts of TFF3/ITF are present in the meconium of human infants. Here, we describe a relatively simple method for extraction and purification of natural human TFF3/ITF from meconium. The purification methods include acid treatment, ammonium sulfate precipitation, isoelectric precipitation, and iron exchange chromatography. A relatively large amount of natural TFF3/ITF can be purified from meconium of full-term infants and this purified, natural TFF3/ITF is biologically active in an ethanol-induced rat gastric mucosal injury model.
Intestinal trefoil factor (TFF3/ITF), a member of trefoil factor family (TFF) domain peptides, is normally expressed by goblet cells and secreted to the lumen of the intestinal tract.
1-3 TFF3/ITF plays an important role in the maintenance and repair of the intestinal mucosal barrier. 4 The distinct threelooped secondary structure contributes to the remarkable resistance of trefoil factors to acid and proteolytic digestion, enables them to function in the harsh environment of the gastrointestinal tract lumen, and allows them to remain biologically active after enteral administration. 5, 6 We have previously demonstrated that significant amounts of TFF3/ITF are present in the meconium of human infants at different gestational ages. 7 However, whether secreted TFF3/ITF in the human meconium is biologically active remains to be tested. Here, we describe a relatively simple method for the extraction and purification of natural human TFF3/ITF from meconium. The purified natural TFF3/ITF was tested in rats for biological activity by using an in vivo method as described by Babyatsky et al. 6 Meconium from full-term newborn infants passed within 24 h of birth was collected and homogenized in 0.1 N HCl (1 to 3 ratio w/v) with a low-speed homogenizer for 1 h. The homogenates were then centrifuged at 40 416 g at 41C for 1 h and the supernates were collected for further purification. Preliminary protein precipitation experiments using ammonium sulfate (Gibco BLR, Rockville, MD, USA) at concentrations from 30 to 100% (w/v) suggested that TFF3/ITF could not be precipitated by ammonium sulfate up to a concentration of 75% as indicated by immunoblotting results (data not shown). Therefore, the supernatant fractions were treated with 70% ammonium sulfate at 41C for 1 h to precipitate unwanted proteins. After 30 min of centrifugation at 40 416 g, the supernatant fractions underwent isoelectric precipitation with 1 M Tris at pH 4.9 and 4.5, successively. This two-step isoelectric precipitation process was employed because two different isoelectric points for TFF3/ITF have been reported: 4.9 was based on the calculation with protein sequence analysis software-ANTHEPROT (http://antheprot-pbil.ibcp.fr), and 4.5 was reported for recombinant TFF3/ITF. 8 The precipitate was then dissolved in anion ion exchange chromatography initial buffer (10 mM Tris-HCl, 0.4 M NaCl, pH 8.0) and loaded on a DEAE-Sephadex A25 column (1.6 Â 20 cm 2 ) (Pharmacia, Uppsala, Sweden), and then eluted by a linear NaCl gradient (10 mM TrisHCl, 0.4-1.3 M NaCl, pH 8.0). Two peaks of protein were identified, as determined by absorbance at A 280 . The large second peak corresponded to an estimated molecular size of 6.7 kDa of TFF3/ITF immunoreactivity on Western blotting (Figures 1  and 2a) . The final products of the eluted peak were then lyophilized. The purity of the final product was analyzed on a Coomassie-stained SDS-PAGE gel and it was estimated to be over 90% pure (Figure 2b ).
Since no reliable in vitro assay is currently available for TFF3/ITF bioactivity, we used an in vivo method as described by Babyatsky et al 6 to test whether our purified ITF/TFF3 was biologically active. In all, 24 female Sprague-Dawley rats (weight 180-200 g, age 70-80 days) were equally divided into three groups: group 1 as normal/blank control (n ¼ 8), group 2 as ethanol gastric injury/ bovine serum albumin (BSA) placebo control (n ¼ 8), and group 3 as the ethanol gastric injury/ITF treatment group (n ¼ 8). The differences for weight and age among the three groups were not significant (P40.05). After overnight starvation, rats from group 3 were administered TFF3/ITF (1 mg/ml) by gastric lavage at a dose of 0.5 ml/100 g body weight, rats from group 2 were administered the same dose of BSA (1 mg/ml), and rats from group 1 were administrated the same dose of normal saline. After 30 min, gastric mucosal injury was induced in the group 2 and 3 animals via intragastric administration of 90% ethanol at a dose of 1 ml/100 g of body weight, and group 1 rats were administered the same dose of normal saline as a normal control. After 3 h, rats were killed by CO 2 overdose. The stomachs of killed rats were removed and incised along the greater curvature. The stomachs were cleaned, photographed and then the gastric mucosal lesions were scored by two individuals in a blinded manner. The lesions were scored on a 0-10 scale according to the estimated percent of mucosa covered with lesions (no lesions ¼ 0, 100% mucosal injury ¼ 10) as initially described by Guth et al. 9 After scoring, the stomachs were fixed in 10% formaldehyde, embedded in paraffin, and 5-mm sections were then stained with H&E for histological examination.
The administration of 90% ethanol at 1.0 ml/100 g of body weight in group 2 animals induced dilatation of the stomach, submucosal edema, and large areas of submucosal hemorrhage or ulcer. On histological examination, most rats in group 2 presented diverse lesions, including significant mucosal necrosis, disruption of the brush border, capillary dilatation, submucosal edema with large areas of submucosal hemorrhages, and inflammatory cell infiltration. Intragastric administration of purified natural human ITF/TFF3 significantly prevented/ameliorated the ethanol-induced acute gastric mucosal injury (Figure 3) . The injury scores on gross examination in group 3 animals were significantly less than those from group 2 (Po0.001, ANOVA, Figure 4) . These results are similar to the findings of Babyatsky that show the prophylactic use of recombinant TFF3/ITF protects against ethanol-induced gastric injury in rats. These results prove that our purified natural human TFF3/ ITF from meconium is biologically active.
In summary, natural TFF3/ITF present in meconium from full-term infants has the known property of mucosal protection and therefore is biologically active. A relatively large amount of natural TFF3/ITF can be purified from meconium. The Purification of TFF3/ITF from meconium K Yu et al purification methods including acid treatment, ammonium sulfate precipitation, isoelectric precipitation, and iron exchange chromatography are relatively simple and can be performed in most laboratories. The availability of biologically active natural human TFF3/ITF may facilitate the studies of the biological functions of TFF3/ITF and its underlying mechanisms. The gross injury score of the stomach from groups 1, 2, and 3. The injury was almost completely protected by pretreatment of purified ITF in group 3 (Po0.001, ANOVA).
